Abstract: Stable-isotope analysis is widely used in aquatic ecosystem studies to evaluate trophic structure and resource dynamics. Because δ 15 N values vary in freshwater systems, e.g., reflecting variations in land use, suitable baseline indicators must be specified. Few investigators have identified specific baseline organisms based on thorough and methodical screening. We screened for baseline organisms in temperate lotic waters based on 4 criteria: 1) baseline organisms should be easy to collect, 2) within-site variation in δ 15 N levels should be low, 3) δ 15 N should reflect land use, and 4) trophic position (TP) of consumers calculated from the baseline should be independent of system-specific δ 15 N variability as long as no systematic change in food consumption occurred. We investigated individual taxa and bulked groups representing different feeding modes as baselines. We found that Simuliidae, a sestonic filter feeder, fulfilled all criteria. Furthermore, TP estimates of 2 common fishes that were based on the Simuliidae or grouped filterers as baselines were the only estimates in our study that were independent of landuse changes. In addition, the diet of these fishes did not change across land use as based on stableisotope mixing-model analysis. Simuliidae also had the lowest within-site variation, i.e., the lowest trophic level range, probably a result of uniform feeding behavior. Therefore, Simuliidae and grouped filterers could be suitable baseline indicators in future studies. We recommend minimizing δ 15 N variability in and among systems because the precise, complex choice, timing, or proportions of food sources consumed cannot be mimicked. We also promote combining TP estimation and mixing-model analyses as a strong tool in studies of stream food webs.
Stable-isotope analysis (SIA) is a widely used method to evaluate trophic structure and resource dynamics in aquatic ecosystems (e.g., Fry 1983 , Cabana and Rasmussen 1996 , Vander Zanden et al. 1999 , Post 2002 , Reid et al. 2008 . Elemental transfer of food to consumers through assimilation and excretion processes leads to changes in isotopic composition in a predictable manner and, thus, provides information on the trophic position (TP) and potential food sources of a consumer (Peterson and Fry 1987 , Vander Zanden and Rasmussen 2001 , Post 2002 , Reid et al. 2008 . The relationships between heavy and light isotopes of C ( Fry 1987, Vander Zanden and Rasmussen 2001) . Furthermore, SIA gives a time-integrated picture of trophic structure and consumption rather than the snapshot picture provided by gut-content analysis of consumers (Vander Zanden et al. 1997 , Rybczynski et al. 2008 .
The degree of fractionation of the isotopes at each consumption step and whether the heavy or the light isotope is favored depend primarily on the organism and tissue investigated and, particularly for C, whether the main process is photosynthesis or respiration (Park and Epstein 1960, Hobson et al. 1996 ). δ 13 C has a relatively small fractionation in freshwater systems at every consumption step (∼0.4‰; e.g., McCutchan et al. 2003) , whereas the frac-tionation of δ 15 N is usually higher (2-4‰). Therefore, δ 15 N is used widely to assess the TP of consumers Rasmussen 1996, Vander Zanden and Rasmussen 1999) . However, aquatic systems and their biota can vary greatly in δ
15
N values as a result of different land uses (e.g., Cabana and Rasmussen 1996 , Lake et al. 2001 , Anderson and Cabana 2006 , Pastor et al. 2013 . Excessive loads of anthropogenic N arising from agricultural production can increase the δ 15 N level. Anderson and Cabana (2005) reported up to 15‰ increase, which reflects that the N pool already is fractionated when entering the system (e.g., Cabana 2005, Bergfur et al. 2009 ). In comparison, δ 15 N values of 3.5 to 5.5‰ have been reported for more pristine watersheds with limited agricultural production (>80% forest; Mayer et al. 2002) .
The large variability in δ 15 N values emphasizes the need for identification of baseline indicators that reflect the δ 15 N level at the base of the system to permit crosssite comparisons of δ 15 N. The challenges of identifying and handling isotopic baselines satisfactorily have been addressed in a number of lake and stream systems (e.g., Vander Zanden et al. 1997 , Post 2002 , Anderson and Cabana 2007 , Jardine et al. 2012 . Primary consumers usually are used as baselines because they generally show lower δ 15 N variability than do primary producers and typically have longer life histories, which improves temporal resolution. Some investigators have argued that baseline indicators should have a broad spatial distribution to allow among-system comparisons (e.g., Anderson and Cabana 2007) and, overall, large temporal and spatial discontinuities in baselines should be avoided (Post 2002) . Vander Vander Zanden et al. (1997) used filterers (unionid mussels) as baseline indicators in lakes because these mussels are large, long-lived primary consumers with a uniform nonomnivorous feeding strategy, i.e., filtration of suspended particulate organic matter, primarily phytoplankton and bacteria, in the water column. However, such long-lived primary consumers are rarely abundant and may be absent in temperate streams and, therefore, unsuitable as baseline indicators.
Choosing organisms with the same feeding mode has been popular because of difficulties in specifying suitable primary consumers as baseline indicators. For example, Anderson and Cabana (2007) used scrapers as their baseline (a mix of members from the macroinvertebrate families Psephenidae, Heptageniidae, Ephemerellidae, Physidae, and Viviparidae) because these organisms had the lowest δ 15 N and were the most common primary consumers present. Other widely represented primary consumer functional feeding groups (FFGs) include shredders and sediment feeders. On the other hand, omnivorous organisms foraging at different trophic levels in different systems may yield biased baselines Rasmussen 1999, Anderson and Cabana 2007) . In the absence of 1 widely distributed appropriate group or species, a mean primary consumer δ 15 N value also has been used as baseline (e.g., Rybczynski et al. 2008) .
Many investigators have treated the difficult and important task of identifying reliable baseline organisms, but only a few comprehensive comparative tests exist of the effect of using different potential baseline organisms or groups of organisms in stable-isotope studies of trophic structure in streams and rivers (but see Post 2002 , Anderson and Cabana 2007 , Jardine et al. 2012 . Consensus about baseline criteria still is needed for reliable comparisons of TP results from different types of systems. We compared and evaluated the applicability of baselines of specific primary consumer organisms and baselines based on various degrees of taxon aggregation (FFGs and the mean of all primary consumers). Specifically, we searched for organisms or organism groups that could be used reliably as baseline indicators in lowland streams with varying landuse characteristics in the watershed.
METHODS

Stream selection
We sampled 21 sites in 12 Danish lowland streams. We selected the sites to represent an anthropogenic stressor gradient based on nutrient loads and land use. We collected samples during summer 2007 and 2010 (June-August) and conducted sampling in a given stream within the same year to avoid temporally induced effects on stable-isotope signatures.
Land use and catchments
We defined the catchment areas of each sampling site with a national digital topographic map (1 :25,000 scale). We obtained information on land use in the catchment areas from a national land-cover raster map (25-m grid) with 12 land-cover classes. We reclassified the land-cover classes into: intensive agriculture, permanent grass (e.g., pasture), forest, natural dryland areas (e.g., heath and moorland fields), natural wetland areas (e.g., bogs, marshes, and wetlands), artificial areas (e.g., built-up areas and roads), and lakes. For each site, we expressed land cover as % coverage. Following reclassification, we categorized land use into: 1) % arable land, calculated as the sum of intensive agricultural areas in the catchment, and 2) % natural land cover, calculated as the sum of all remaining land uses except artificial areas.
We found that both landuse categories (% arable land and % natural land cover) were correlated with δ 15 N of most primary and secondary consumers. δ 15 N increased with an increasing % arable landuse cover and decreased with increasing % natural landuse cover, as was expected from previous findings (Cabana and Rasmussen 1996 , Lake et al. 2001 , Vander Zanden et al. 2005 , Anderson and Cabana 2006 . However, slightly better correlations were observed for % natural land cover, so we used this category for establishing further correlations. In addition, we measured total N (TN) of stream water on a Shimadzu TOC-V CPH (model UV21 160/Shimadzu, UV-1700; Shimadzu, Kyoto, Japan).
SIA
We sampled fishes by electrofishing and netting. We analyzed fish dorsal muscle tissue from up to 20 individuals/species/stream for isotopic composition. We measured all fish to total length (TL; 0.1 cm) and standard length (SL; 0.1 cm) and weighed them (0.01 g). We freezedried fish <25 mm whole to obtain sufficient sample material; the dorsal muscle remained the predominant sample material. We used only the dominant taxa of Brown Trout (Salmo trutta) and Three-spined Stickleback (Gasterosteus aculeatus), which occurred at ≥10 sites, in further analyses of TP. We excluded a range of organisms because they were rare, including macroinvertebrate taxa such as Asellidae (Isopoda), Hydropsychidae and Brachycentridae (Trichoptera), and Heptageniidae (Ephemeroptera), and various chironomids and plecopterans. We also excluded 13 fish species: European Eel (Anguilla anguilla), Northern Pike (Esox lucius), European Perch (Perca fluviatilis), Crucian Carp (Carassius carassius), Gudgeon (Gobio gobio), Common Dace (Leuciscus leuciscus), Burbot (Lota lota), Rainbow Trout (Oncorhynchus mykiss), Roach (Rutilus rutilus), European Flounder (Platichtys flesus), Nine-spined Stickleback (Pungitius pungitius), Atlantic Salmon (Salmo salar), and Grayling (Thymallus thymallus), and 1 specimen of the relatively rare Sea Lamprey (Petromyzon marinus). However, in bulked samples of consumers, we included these more rarely represented species.
We sampled macroinvertebrates from all main habitats (dominant macrophytes, soft and hard substratum), classified them to family level following Dall and Lindegaard (1995) , and assigned them to an FFG according to Wallace and Webster (1996) and Skriver (1982) . Before freezedrying, we removed exoskeleton parts from arthropods and mollusks from their shells. For small-bodied taxa, we often pooled many individuals to reach the recommended mass for analysis. We also sampled the major primary uptake compartments, defined as the compartments that take up nutrients directly from the water column (e.g., von Schiller et al. 2009 ): periphyton (from gravel and rocks), macrophytes, and fine and coarse benthic organic matter. For the dominant macrophytes in each stream, we collected up to 5 samples and cleaned off periphyton before analysis to avoid mixing isotope signals from the 2 compartments. We collected fine and coarse benthic organic matter as bulked samples from 5 different locations along the stream reach. We sampled periphyton assemblages from gravel and rocks. We filtered these samples on a GF-C filter (precombusted glass-fiber filter) and cleaned them under magnification to remove particles, such as zooplankton and macrophyte leaf remains, before freeze-drying.
In total we analyzed 1337 samples for δ 15 N. We sorted samples in the field, when possible, or immediately after returning from the field. All samples were kept frozen at −22°C until further processing. After freeze-drying, we homogenized the samples, weighed them into Sn capsules, and had them analyzed at UC Davis Stable Isotope Facility (Davis, California) with a PDZ Europa ANCA-GSL elemental analyzer in conjunction with a PDZ Europa 20-20 isotope ratio mass spectrometer (Sercon, Cheshire, UK).
The ratios of heavy to light N isotopes are expressed with δ notation as δ 15 N ( 15 N/ 14 N) and defined as per mil (‰) deviation from a standard material:
where N sample is the ratio of heavy and light isotopes in the analyzed element, and N standard is the ratio of heavy and light isotopes in standard material, which for δ 15 N is atmospheric N.
Baseline and TP
We selected the baseline organisms according to 4 criteria: 1) they should be generally ubiquitous and geographically widespread to have broad applicability (e.g., Landolt and Sartori 1995 , Bilton et al. 2001 , Gooderham and Tsyrlin 2002 , Merritt et al. 2008 ); 2) they should demonstrate low within-site variation in δ (Cabana and Rasmussen 1996 , Lake et al. 2001 , Vander Zanden et al. 2005 , Anderson and Cabana 2006 , land use was selected a priori as the environmental variable determining background δ 15 N levels, although other environmental variables (e.g., catchment size and soil or bedrock composition) potentially could produce system-specific 15 N variability. To assess whether the different potential baselines responded similarly to landuse changes, we compared the slopes of the regressions between δ 15 N and % natural landuse cover in the catchment among the frequently occurring taxa. We analyzed the implications of the different baselines for the TP estimates of fishes by comparing TP estimates of 2 common Danish fish species, S. trutta and G. aculeatus , Teixeirade Mello et al. 2012 , based on standard procedures (Vander Zanden et al. 1997 , Post 2002 :
where the fractionation value of 3.4 represents the mean enrichment of heavy to light isotopes (δ 15 N) from one trophic level to the next of freshwater biota (Post 2002) . To test whether the δ 15 N baselines were independent of % natural land use, we evaluated whether regression lines for TP vs % natural land use had slopes = 0, which should be the case if the consumers had not changed their diet systematically with % natural land use. To assess whether food resources changed, we conducted gut-content analysis and isotope mixing-model analysis.
Fish diet preferences
For each stream, we used the means of isotopic signatures to calculate the proportions of food sources present in the diets of each consumer (single taxa and bulked FFGs) with a mixing-model analysis in the Rbased software SIAR (Parnell and Jackson 2015) . We included only data from streams where all resources (single taxa or FFG) and both fish were present in the mixing model, which resulted in 7 streams for the singletaxa model and 6 streams for the FFG model. The model applies Bayesian inference to yield output data that provide the most probable dietary proportions of possible sources to a consumer based on C and N isotope ratios of sources and consumers (Parnell et al. 2010) . The SIAR mixing model allows correction of trophic enrichment factors, and we corrected these using literature values from Post (2002) . We calculated the potential contribution of each of the resources for the 2 fish species analyzed (S. trutta and G. aculeatus) as a range reported as 5 th to 95 th percentiles.
Statistics
We used Statgraphics software (Centurion XVI.I; Statgraphics, Warrenton, Virginia) for statistical analyses. When data were distributed normally according to standard skewness and kurtosis, Shapiro-Wilk test, and visual exploration of boxplots and histograms, we performed parametric tests. When data did not exhibit a normal distribution and could not be transformed to normality, we used nonparametric tests.
We compared differences in within-site variation (coefficient of variation = CV) of the mean δ 15 N values of single taxa and FFGs with 1-way analysis of variance (ANOVA). We calculated CV as SD/mean.
We applied linear regression analysis to identify correlations between stream compartment δ 15 N and TP estimates vs % natural land use. To investigate whether the potential baselines responded differently to a change in % natural land use, we used analysis of covariance (ANCOVA) to test for differences in the δ 15 N slopes of the different baseline organisms relative to % natural land use (comparison of regression lines). We also tested for a potential correlation between stream biota δ 15 N and TN and found no significant correlation (not shown). We used ANCOVA to determine whether the slopes of TP estimates were different from 0 (i.e., absence of relationship signifies TP independent of % natural land use).
We compared TP estimations calculated with different baselines by means of nonparametric tests: KruskalWallis for a multiple-sample comparison of medians plot, followed by a Mann-Whitney-(Wilcoxon) 2-sample U-test for identifying differences between individual samples.
We evaluated whether G. aculeatus and S. trutta changed their diet along a landuse gradient by examining the relationships between the proportion of the most dominant invertebrate species in the fish diets based on the mixing models vs land use by means of linear and nonlinear regression analyses. The regressions of diet item proportions vs % natural land use were based on 7 stream sites for which all the baseline taxa included in our study were present.
RESULTS
Mean δ
15 N values and variance of specific taxa and FFGs are summarized in Tables S1, S2. The lowest withinsite variation in δ 15 N for specific taxa was for Simuliidae (t-test, p < 0.05; Table 1 ). Among the FFGs, filterers had the lowest within-site variation, and scrapers exhibited the highest variation (Mann-Whitney U-test, p < 0.05; Table 1 ).
In general, δ
15
N of the various organisms was negatively correlated with % natural landuse cover in the catchment ( Figs 1A-G, S1 ). Of all primary-producer uptake compartments, only macrophyte δ 15 N was correlated significantly with % natural landuse cover, but the correlation (Fig. 1A) . For the primary consumers, δ 15 N was correlated significantly with % natural landuse cover for most groups (Fig. 1B-G) with the exception of the trichopteran Limnephilidae, which belongs to the shredder group, and the coleopteran Elmidae, which belongs to the scraper/collector group (linear regression, p > 0.05, data not shown). For the secondary consumers, δ 15 N of G. aculeatus and S. trutta also was correlated with % natural landuse cover (Fig. 1H) . Furthermore, mean δ 15 N of all invertebrate FFGs and all primary consumers was correlated with % natural landuse cover, and predatory invertebrates showed the highest correlation coefficient (Fig. S1 ). N values of stream primary producers: macrophytes (A), primary consumers: Gammarus pulex (shredder) (B), Baetidae (scraper/collector) (C), Simuliidae (filterer) (D), Ephemera danica (collector/ sediment feeder) (E), Ephemerellidae (scraper/collector) (F), Lampetra planeri (filterer/sediment feeder) (G), and the secondary consumers: fishes (Salmo trutta as open circles) and Gasterosteus aculeatus as closed circles) (H) vs % natural landuse cover in 12 Danish lowland streams. r 2 given for significant relationships. A comparison of regressions among all combinations of consumers yielded marginally significant differences in slopes ( p < 0.1) between Baetidae and S. trutta (ANCOVA, p < 0.059; Fig. 1C, H) and between Baetidae and Simuliidae (ANCOVA, p < 0.00001; Fig. 1C, D) For all sites, TP estimates for G. aculeatus were generally higher than for S. trutta, whether based on specific taxa ( Fig. 2A, B) or FFGs (Fig. 2C, D) as baselines. The TP estimates for both species based on taxon-specific baselines were marginally highest when using Simuliidae as baseline and lowest when using Baetidae ( Fig. 2A, B) . This result reflected a higher mean baseline δ 15 N value for Baetidae than for Simuliidae in the most anthropogenically affected streams. Likewise for both fish species, the TP estimates calculated using FFG as baseline were highest when based on filterers (including the Simuliidae) as baseline (Fig. 2C, D) . Invertebrate predator-based estimates gave the lowest TP of both fishes (Fig. 2C, D) .
Only the regressions of G. aculeatus TP estimates based on Simuliidae, Gammarus pulex, and filterer (ANCOVA, p > 0.1; Figs 3A-D, S2 ) and S. trutta TP estimates based on Simuliidae (ANCOVA, p > 0.05, Figs 4A-D, S3 ) vs % natural landuse cover had slopes that were not significantly different from 0, i.e., independent of % natural land use. All other regressions between TP of the 2 fishes based on taxonspecific and bulked groups vs % natural land use were significant ( p < 0.05; Figs 3A-D, 4A-D, S2, S3 ). The TP estimates based on taxon-specific baselines revealed the steepest slopes for both fish species when based on Baetidae ( Figs 3A-D, 4A-D) . When based on FFG baselines, the slopes of G. aculeatus and S. trutta based on omnivores were steepest (Table 2,), but these results were driven by a particularly high omnivore-based TP at 1 site. We compared regressions of all TP estimates based on taxon-specific and bulked group baselines vs % natural land use (Tables 3, 4). Comparison of S. trutta TP estimates based on specific taxa and the mean of all primary consumers regressed against % natural land use (Table 3 ) demonstrated differences in slopes between all combinations except the slopes between mean primary consumer-based TP and Simuliidae-based TP as well as G. pulex-based TP. For G. aculeatus, the pattern was the same, but also the slopes of TP based on Simuliidae and G. pulex did not differ (Table 3) . For both fishes, using scrapers or omnivores as baselines for TP resulted in slopes of TP estimates vs % natural land use that differed from all other combinations of FFG baselines used (Table 4). The only other regressions that differed significantly were filterer-based G. aculeatus TP from the estimates based on shredders and predators (Table 4) .
We evaluated whether the fishes changed their diets with a change in % natural land use by relating means of mixing models with TP estimates based on Baetidae, G. pulex (for S. trutta) and FFGs except for Simuliidae, G. pulex (for G. aculeatus) and grouped filterers. We related the results from the mixing-model analysis (Table 5) 
DISCUSSION
Initially, we established 4 criteria for baseline screening. Organisms should: 1) be widely distributed in the streams, 2) show low within-site variation in δ st criterion limited the number of taxa markedly, from 45 to 6. Of the remaining taxa, we decided to evaluate Simuliidae, Baetidae, and G. pulex as taxon-specific baseline descriptors because they were widespread and abundant and represented the filterer (Simuliidae) and scraper (Baetidae) FFGs, which are described in the literature as good baseline indicators ( Vander Zanden and Rasmussen 1996 , Vander Zanden et al. 1997 , Anderson and Cabana 2007 .
Of all possible taxon-specific and bulked group baselines, we found that Simuliidae, as a single taxon, and filterers, as an FFG, best fulfilled the 3 remaining criteria. We identified Simuliidae, a sestonic filter feeder (Currie and Craig 1988) that filters small fractions of suspended particulate organic matter from the water column (e.g., Silverman et al. 1995) , as the specific taxon that was most appropriate of the evaluated baselines in our study. Simuliidae alone, but also bulked with other filterers, also exhibited low within-site variation (criterion 2) in δ 15 N values, probably a result of its uniform feeding behavior, which ensured that the differences in δ 15 N between systems were not affected by different food sources. In contrast, G. pulex, a shredder that is widely distributed and abundant in many temperate streams (Holdich and Pöckl 2007) , showed high within-site variation, probably reflecting its occasionally omnivorous feeding behavior (Skriver 1982 , Moog 1995 . Anderson and Cabana (2007) also found that shredders had relatively variable δ 15 N levels. Another widely distributed taxon, Baetidae, with 9 Danish species (Jensen 1984b) , also showed higher within-site variation than Simuliidae, probably because it forages on mixed sources. Baetidae is a scraper that feeds on bulked sources of periphyton assemblages on macrophytes and rocks (Wallace and Webster 1996) , i.e., algae, bacteria, and smaller animals such as protozoa.
All 3 taxon-specific and bulked group baselines showed significant relationships with % natural land use (criterion 3).
When Simuliidae was used as a baseline for calculating TP in G. aculeatus and S. trutta and when bulked filterers were used for calculating TP in G. aculeatus, the resulting TP was independent of % natural landuse changes (criterion 4). This result was supported by the mixing-model analysis, which showed that no significant change in diet took place with changes in % natural land use. Therefore, criterion 4 became the most important gauge separating the best baseline organisms from the others. The small difference in TP estimates among different taxa or FFGs ( Fig. 2A-D ) reveals low ecological difference based on, Simuliidae or G. pulex, filterers or scrapers, shredders or sediment feeders. However, because we found that criterion 4 is highly important in validating the baseline organisms, we argue that Simuliidae and bulked filterers are preferred over other baseline organisms when calculating TP for fishes in lowland streams. Different approaches have been used when choosing baseline indicators, and bulked primary consumers is a frequent choice. It may seem reasonable to use all likely prey organisms and not just one taxon or FFG as baseline when the ultimate goal is to quantify fish TP because fish, such as those of our study, eat many different invertebrate and fish prey. However, such an approach may be inappropriate. We do not know which food items fish have selected at different times or in what proportions. Consequently, a baseline mimicking the exact complex diet of, for instance, S. trutta, cannot be established. By choosing 1 or a few taxa or an FFG as baseline indicators, errors resulting from different feeding patterns in different systems can be minimized. However, to ensure that the resultant TP estimates are reliable, ideally mixing analysis or gut-content analysis should be undertaken to elucidate whether a systematic landuse-dependent change in fish diet has occurred. In Denmark, the family Simuliidae includes 23 species (Jensen 1984a) , and it emerged as the most appropriate baseline in our study. This family is distributed worldwide (Currie and Adler 2008) and may serve as baseline in future international studies. However, use of Simuliidae larvae or other filterers, such as Psephenidae, as a baseline carries a challenge. Most Simuliidae are univoltine, and the larval stage is usually relatively short, typically a couple of months, although longer larval stages of varying lengths occur for overwintering individuals in temperate regions (Rubtsov 1990 ). Short larval stage or generation time is a general problem when studying larger, long-lived consumers such as S. trutta. In the absence of long-lived primary consumers similar to the unionid mussels used by Vander Zanden et al. (1997) , relevant time-series data on baseline organisms (Post 2002 ) may be needed. However, prioritizing long-lived primary consumers Rasmussen 1996, Post 2002) may not always be appropriate. If, for instance, the end consumer is short lived or has arrived recently (e.g., fish fry), the baseline organisms should ideally have lived in a comparable environment and integrated the isotope signals over a similarly short lifespan.
Habitat-specific variability is another important factor when considering baselines (Post 2002) . We observed a >2-unit δ 15 N difference between limnephilids inhabiting the same stream but collected on 2 different substrates, macrophyte and soft substratum (Mann-Whitney U-test, p < 0.05, not shown). Thus, limnephilids did not appear to be a reliable baseline indicator, and it is likely that other groups also differ in δ 15 N between habitats, not least among the shredders, which are likely to reflect their substrate. If used, shredders should be collected from the same habitats, even in small streams, especially at sites with abundant or diverse macrophyte beds or differing in riparian vegetation characteristics. A baseline difference of 2 δ 15 N units between 2 baseline organisms, as we observed for limnephilids, would result in a 0.6 difference in TP.
Mixing-model analysis offers new possibilities in understanding energy flow through ecosystems without the Parnell et al. 2013 , Brett 2014 . Results are sensitive to input data and to how multiple and, perhaps, overlapping isotopic sources are handled. The most serious challenge is, perhaps, the risk of biased interpretations of food sources in the model based on the assumption that these sources serve as food for the consumer. The inability to sample accurately the food sources assimilated by consumers, as highlighted by Dodds et al. (2014) , may be responsible for much of the uncertainty in natural stable-isotope studies. Even so, the model output data provide some evidence of the food sources potentially consumed. With careful consideration, 
Conclusions
Overall, the general demands for a baseline indicatorthat it be widely represented within and among the systems, abundant, easy to collect, and a good descriptor of system-specific δ
15
N background values-are typically met by Simuliidae. Most important, perhaps, is that Simuliidae in our study showed the lowest within-site variation, i.e., the lowest trophic level range. For both fish species, TP estimates calculated with the Simuliidae baseline were the only TP estimates independent of % natural landuse changes and, concurrently, with no change in fish diet.
Based on these findings, we conclude that Simuliidae species and, second, all filterers bulked can be used as baseline indicators in future studies, taking into account, as for all baselines, the generation times of the species. For Simuliidae species, with their relatively short generation times, sampling of time series may be necessary to cover the relevant lifespan of higher-level consumers. We recommend that when determining a baseline among the abundant and widely distributed primary consumer taxa, the aim should be to minimize δ 15 N variability in and among systems as the complexity of choice, timing, quality, and proportions of food sources consumed by the consumer cannot be mimicked easily.
We suggest that future investigators follow a similar trialand-error method to identify potential baselines in other types of freshwater systems and biomes. A set of reliable baselines that could be used readily would facilitate studies of freshwater food webs. Last, we recommend a combined approach based on both TP estimation and mixing-model analysis in studies of stream food webs. 
